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(54)  BALL  SCREW  APPARATUS 

(57)  Servo-amplifiers  (SA1  and  SA2)  are  connected 
to  a  CNC  device  (10)  by  a  daisy  chain  method.  The 
positions  of  respective  servomotors  (M1  and  M2)  which 
are  detected  by  pulse  coders  (P1  and  P2)  are  read  syn- 
chronously  with  each  other  at  an  identical  time.  The 
synchronous  signals  of  position  reading  instructions  are 
transmitted  from  the  CNC  device  (10)  to  the  servo- 
amplifiers  (SA1  and  SA2)  through  transmission  lines 
(L1  and  L2)  and  a  transmission  delay  is  produced.  How- 
ever,  the  transmission  delay  is  corrected  to  establish 
synchronization  and  the  positions  of  the  servomotors 
(M1  and  M2)  at  the  same  time  are  detected. 
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Description 

TECHNICAL  BACKGROUND 

The  present  invention  relates  to  a  ball  screw  unit  s 
comprising  a  screw  shaft  and  a  nut  fitted  about  the 
screw  shaft  through  a  number  of  balls  and  more  partic- 
ularly  to  such  type  of  ball  screw  unit  that  is  provided  with 
a  ball  circulating  structure  including  change  paths  at 
both  ends  of  the  nut,  respectively.  10 

BACKGROUND  TECHNOLOGY 

Conventionally,  it  has  been  usual  that  the  above 
type  of  ball  screw  unit  is  provided  with  a  helical  ball  roll-  is 
ing  groove  formed  on  the  outer  peripheral  surface  of  the 
screw  shaft  and  a  spiral  load  rolling  groove  formed  on 
the  inner  peripheral  surface  of  the  nut  so  as  to  lie  face  to 
face  with  the  ball  rolling  groove,  a  ball  return  path 
extending  through  the  nut  in  the  axial  direction  and  20 
change  direction  paths  arranged  at  both  ends  of  the  nut 
so  as  to  establish  communication  between  both  ends  of 
the  load  ball  path  and  both  ends  of  the  ball  return  path 
whereby  the  screw  shaft  and  the  nut  can  move  relative 
to  each  other  when  a  number  of  balls  circulate  through  25 
an  endless  circulation  path  formed  of  the  load  ball  path, 
the  ball  return  path  and  the  change  direction  paths. 

When  the  screw  shaft  and  the  nut  move  relative  to 
each  other,  each  of  the  balls  which  have  rolled  through 
the  load  ball  path  while  bearing  a  load  between  the  30 
screw  shaft  and  the  nut  comes  out  from  the  load  ball 
path  but  in  order  to  guide  the  ball  to  the  ball  return  path 
by  receiving  the  ball  in  each  of  the  change  direction 
paths,  it  is  necessary  to  separate  the  ball  from  within  the 
ball  rolling  groove  of  the  screw  shaft  up  to  the  outer  35 
peripheral  surface  of  the  screw  shaft. 

Conventionally,  as  a  structure  for  separating  each 
of  the  balls  from  the  ball  rolling  groove  of  the  screw 
shaft,  it  has  been  general  that  a  tongue  piece  is  inserted 
into  the  ball  rolling  groove  at  a  position  corresponding  to  40 
the  ball  separating  position  and  the  ball  which  has  come 
to  roll  in  the  ball  rolling  groove  is  caused  to  creep  on  the 
tongue  piece  thereby  picking  up  the  ball. 

With  such  a  ball  separating  structure,  it  is  ideal  to 
pick  up  the  ball  in  the  tangential  direction  of  the  ball  roll-  45 
ing  groove  but  in  that  case,  the  thickness  of  the  tip  of  the 
tongue  piece  can  not  but  be  reduced  so  that  there  has 
been  a  problem  that  the  strength  and  durability  of  the  tip 
of  the  tongue  piece  are  not  sufficient  in  view  of  an 
impact  which  would  take  place  at  the  time  when  the  so 
high-speed  rolling  ball  runs  on  the  tongue  piece.  On  the 
other  hand,  there  has  also  arisen  another  problem  that 
when  the  thickness  of  the  tip  of  the  tongue  piece  is 
made  large  in  consideration  of  the  strength  and  durabil- 
ity  of  the  tongue  piece,  a  level  difference  takes  place  55 
between  the  ball  rolling  groove  and  the  tongue  piece 
and  a  great  impact  is  applied  on  the  tongue  piece  at  the 
time  the  ball  runs  on  the  tongue  piece  so  that  not  only 

the  tongue  piece  deforms  due  to  a  successive  use 
thereof  but  also  a  collision  sound  generates  every  time 
when  the  ball  runs  on  the  tongue  piece. 

Meanwhile,  as  a  means  for  separating  the  ball  from 
the  ball  rolling  groove  of  the  screw  shaft  without  using 
the  above-mentioned  tongue  piece,  there  has  been  pro- 
posed  a  method  in  which  the  progressing  direction  of 
the  ball  rolled  out  from  the  load  ball  path  is  somewhat 
displaced  with  respect  to  the  ball  rolling  groove  of  the 
screw  shaft,  the  ball  is  separated  up  to  the  outer  periph- 
eral  surface  of  the  screw  shaft  by  making  use  of  the 
inner  peripheral  surface  of  the  screw  shaft  and  then,  the 
ball  is  separated  up  to  the  outer  peripheral  surface  of 
the  screw  shaft  thereby  picking  up  the  ball  within  each  of 
the  change  direction  path  (see  United  State  patent 
4,148,  226). 

Figs.  1  3  and  1  4  show  a  ball  screw  unit  disclosed  in 
the  above-mentioned  United  States  Patent.  This  ball 
screw  unit  comprises  a  screw  shaft  101  having  a  helical 
ball  rolling  groove  102  formed  on  the  outer  peripheral 
surface  thereof,  a  nut  1  04  having  on  the  inner  peripheral 
surface  thereof  a  helical  load  rolling  groove  107  oppos- 
ing  to  the  ball  rolling  groove  102  and  a  ball  return  path 
1  06  formed  along  the  axis  of  the  screw  shaft  1  01  ,  a  pair 
of  end  caps  1  09,  1  09  which  are  fixed  to  both  axial  ends 
of  the  nut  1  04  and  each  of  which  has  a  change  direction 
path  113  for  establishing  communication  between  the 
load  rolling  groove  107  and  the  ball  return  path  106  and 
a  number  of  balls  100  which  roll  between  the  load  rolling 
groove  107  and  the  ball  rolling  groove  102  while  bearing 
a  load  thereon  and  circulate  through  the  ball  return  path 
106  and  the  change  direction  paths  113. 

As  shown  in  Fig.  13(b),  a  guide  groove  108  which  is 
continuous  with  the  load  rolling  groove  107  is  formed  at 
each  end  of  the  nut  104  and  the  ball  100  which  has 
been  rolling  on  the  load  rolling  groove  107  rolls  into  the 
change  direction  path  1  1  3  at  each  of  the  end  caps  1  09. 
This  guide  groove  1  08  is  formed  in  a  plane  normal  to  the 
axis  of  the  screw  shaft  101  and  as  it  comes  close  to  the 
change  direction  path  from  the  load  rolling  groove,  the 
depth  thereof  becomes  gradually  larger. 

Accordingly,  in  the  case  of  this  ball  screw  unit,  the 
direction  of  extension  of  each  of  the  guide  grooves  1  08 
formed  on  the  nut  104  does  not  coincide  with  the  direc- 
tion  of  extension  of  the  ball  rolling  groove  102  of  the 
screw  shaft  101  and  the  ball  100  rolled  out  from  the  load 
rolling  groove  1  07  of  the  nut  1  04  is  gradually  drawn  near 
one  side  wall  of  the  ball  rolling  groove  102  through  the 
respective  guide  groove  1  08  and  creeps  up  of  itself  up 
to  the  cylindrical  outer  peripheral  surface  103  of  the 
screw  shaft  101  along  the  inner  peripheral  surface  of 
the  ball  rolling  groove  102  so  that  it  is  possible  to  sepa- 
rate  the  ball  100  from  the  ball  rolling  groove  103  without 
the  use  of  any  tongue  piece. 

However,  there  has  been  a  problem  that  since  the 
ball  screw  unit  is  provided  with  the  guide  grooves  108  at 
both  ends  of  the  nut  1  04,  respectively,  when  the  nut  1  04 
is  manufactured,  it  is  necessary  that  the  load  rolling 
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groove  1  07  be  first  formed  with  a  predetermined  lead 
angle  with  respect  to  the  inner  peripheral  surface  of  the 
nut  and  then  the  guide  grooves  1  08  continuous  with  the 
load  rolling  groove  107  be  formed  in  a  direction  normal 
to  the  axis  of  the  screw  shaft  which  results  in  taking 
much  time  and  labor  for  machining  the  nut  104. 

Further,  where  each  of  the  guide  grooves  108  is 
formed  along  a  direction  normal  to  the  axis  of  the  screw 
shaft  101  ,  a  problem  has  arisen  such  that  it  is  difficult  to 
connect  each  of  the  guide  grooves  1  08  formed  on  both 
ends  of  the  nut  104  and  each  of  the  change  direction 
paths  1  13  formed  on  the  end  caps  109. 

Therefore,  in  the  case  of  the  conventional  ball 
screw  unit,  the  connection  of  the  guide  grooves  1  08  and 
the  change  direction  paths  1  13  has  been  made  possible 
in  such  a  manner  that  as  shown  in  Fig.  14,  a  substan- 
tially  fan-shaped  recess  1  05  is  formed  on  each  of  the 
end  surfaces  of  the  nut  104  so  as  to  allow  one  end  of 
each  of  the  guide  grooves  108  to  open  into  the  recess 
106  while  a  projection  110  capable  of  fitting  in  the 
recess  1  05  is  formed  on  each  of  the  end  caps  1  09  and 
each  of  the  above-mentioned  change  direction  paths 
1  13  is  formed  on  the  projection  110. 

However,  the  above-described  structure  has  had 
the  disadvantage  that  the  end  surfaces  of  the  nut  1  04 
and  those  of  the  end  caps  109  become  complicated  so 
that  much  time  and  labor  are  required  for  their  machin- 
ing  and  the  manufacturing  cost  increases. 

Further,  where  the  guide  groove  1  08  of  the  nut  1  04 
is  connected  to  the  change  direction  path  1  13  of  each  of 
the  end  caps  109,  the  change  direction  path  113  must 
be  formed  parallel  to  the  end  surfaces  of  the  nut  1  04  so 
that  when  the  ball  100  is  fed  from  the  change  direction 
path  1  1  3  on  each  end  cap  1  09  to  the  ball  return  path 
106  of  the  nut  104,  the  direction  of  rolling  of  the  ball  100 
has  had  to  be  changed  by  substantially  90  degrees. 
Consequently,  a  great  resistance  force  is  applied  on  the 
rolling  of  the  ball  100  at  the  connection  of  the  direction 
change  path  113  and  the  ball  return  path  106  with  the 
result  that  not  only  the  smooth  circulation  of  the  ball  1  00 
is  hindered  but  also  a  sound  of  collision  of  one  ball 
against  another  tends  to  generate  thereby  hindering  the 
high-speed  rotation  of  the  nut  1  04  with  respect  to  the 
screw  shaft  101. 

DISCLOSURE  OF  THE  INVENTION 

The  present  invention  has  been  made  to  overcome 
the  above-described  problem  and  an  object  of  the 
invention  is  to  provide  a  ball  screw  unit  which,  when 
each  of  balls  rolled  out  from  a  load  ball  path  is  received 
in  each  of  change  direction  paths,  is  capable  of 
smoothly  separating  the  ball  from  a  ball  rolling  groove  of 
the  screw  shaft  without  using  a  conventional  tongue 
piece  and  also  capable  of  machining  the  nut  extremely 
easily  thereby  sharply  reducing  the  manufacturing  cost. 

That  is,  the  ball  screw  unit  of  the  present  invention 
comprises:  a  screw  shaft  having  a  helical  ball  rolling 

groove  on  the  outer  peripheral  surface  thereof;  a  nut 
capable  of  fitting  about  the  screw  shaft  through  a 
number  of  balls  and  having  on  the  inner  peripheral  sur- 
face  thereof  a  helical  load  rolling  groove  forming  a  heli- 

5  cal  load  ball  path  in  opposite  relationship  with  the  ball 
rolling  groove  of  the  screw  shaft  and  a  ball  return  path 
extending  axially  therethrough;  a  pair  of  end  caps 
arranged  at  both  ends  of  the  nut  and  provided  with 
change  direction  paths,  respectively,  for  establishing 

10  communication  between  the  load  ball  path  and  the  ball 
return  path;  and  the  number  of  balls  to  be  inserted  into 
an  endless  circulation  path  formed  of  the  load  ball  path, 
the  ball  return  path  and  the  change  direction  paths  so 
as  to  circulate  through  the  latter  following  the  rotation  of 

15  the  nut  relative  to  the  screw  shaft,  wherein  the  change 
direction  path  formed  in  each  of  the  end  caps  comprises 
a  guide  groove  which  guides  each  of  the  balls  rolled  out 
from  the  load  ball  path  toward  a  direction  different  from 
the  direction  of  extension  of  the  ball  rolling  groove  and 

20  separates  the  ball  from  the  ball  rolling  groove  along  the 
inner  peripheral  surface  of  the  ball  rolling  groove  and  a 
ball  guide  hole  which  receives  the  ball  separated  from 
the  ball  rolling  groove  and  guides  it  to  an  entrance  of  the 
ball  return  path  of  the  nut. 

25  With  the  above-described  technical  arrangement, 
the  ball  rolled  out  from  the  load  ball  path  due  to  the  rota- 
tion  of  the  nut  relative  to  the  screw  shaft  enters  the 
guide  groove  forming  the  change  direction  path.  Such 
guide  groove  guides  the  ball  in  a  direction  different  from 

30  the  direction  of  extension  for  the  ball  rolling  groove  of 
the  screw  shaft  so  that  the  ball  is  gradually  drawn  near 
one  side  of  the  ball  rolling  groove  and  creeps  up  to  the 
outer  cylindrical  surface  of  the  screw  shaft  along  the 
inner  peripheral  surface  of  the  ball  rolling  groove  to 

35  finally  become  separated  from  the  ball  rolling  groove 
and  is  fed  to  the  ball  guide  hole  which  establishes  com- 
munication  between  the  guide  groove  and  the  ball 
return  hole. 

In  the  above  case,  since  the  guide  groove  is  formed 
40  on  each  of  the  end  caps  as  a  part  of  the  change  direc- 

tion  path,  it  is  not  necessary  to  form  guide  grooves  on 
both  ends  of  the  nut,  respectively,  but  it  is  sufficient  to 
form  only  a  load  rolling  groove  with  a  predetermined 
lead  angle  on  the  inner  peripheral  surface  of  the  nut. 

45  Further,  in  case  where  such  guide  groove  is  formed 
only  on  each  of  the  end  caps  and  only  the  load  rolling 
groove  is  formed  on  the  nut,  each  of  the  ball  which  has 
rolled  through  the  load  ball  path  rolls  out  from  the  end 
surface  of  the  nut  along  the  ball  rolling  groove  of  the 

so  screw  shaft  so  that  even  when  each  of  the  end  surfaces 
of  the  nut  is  made  planar  so  as  to  intersect  at  right 
angles  with  the  axis  of  the  nut,  the  ball  can  be  easily 
transferred  from  the  load  ball  path  to  the  guide  groove  . 
Accordingly,  the  shape  of  the  nut  and  that  of  the  end 

55  caps  contacting  the  nut  can  be  simplified  thereby  reduc- 
ing  the  manufacturing  cost. 

On  the  other  hand,  the  ball  within  the  guide  groove 
becomes  gradually  separated  from  the  ball  rolling 
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groove  as  it  rolls  on  the  inner  peripheral  surface  of  that 
groove  so  that  the  ball  is  still  in  the  state  of  being  in  con- 
tact  with  the  screw  shaft.  Accordingly,  in  feeding  the  ball 
from  the  guide  groove  to  the  tunnel-shaped  ball  guide 
hole,  it  is  necessary  to  pick  up  the  ball  from  the  screw  5 
shaft  into  the  ball  guide  hole  and  where  such  pickup 
operation  is  not  performed  smoothly,  the  ball  runs 
against  the  entrance  of  the  ball  guide  hole  thereby  hin- 
dering  the  smooth  rolling  of  the  ball.  Thus,  from  such 
point  of  view,  it  is  preferable  that  a  pickup  section  which  w 
gradually  covers  the  guide  groove  from  both  sides  of  the 
width  thereof  along  the  progressing  direction  of  the  ball 
rolled  out  from  the  load  ball  path  be  provided  so  that  the 
ball  separated  from  the  ball  rolling  groove  is  caused  to 
leave  away  from  the  screw  shaft  by  means  of  the  pickup  75 
section  thereby  receiving  the  ball  within  the  guide 
groove. 

Further,  if  the  guide  groove  is  of  the  type  in  which 
the  ball  rolled  out  from  the  load  ball  path  is  guided  in  a 
direction  different  from  the  direction  of  extension  of  the  20 
ball  rolling  groove,  it  does  not  matter  whether  the  ball  is 
guided  in  a  direction  displaced  toward  the  axis  of  the 
screw  shaft  from  the  direction  of  extension  of  the  ball 
rolling  groove  or  the  ball  is  guided  in  a  direction  dis- 
placed  toward  a  direction  normal  to  the  axis  of  the  screw  25 
shaft.  However,  where  the  ball  has  been  guided  by  the 
guide  groove  in  the  direction  normal  to  the  axis  of  the 
screw  shaft,  the  exit  of  the  guide  groove  and  the  ball 
return  hole  come  close  to  each  other  which  results  in 
that  the  ball  guide  hole  which  establishes  communica-  30 
tion  between  the  ball  guide  groove  and  the  ball  return 
hole  of  the  nut  is  required  to  rapidly  change  the  direction 
of  rolling  of  the  ball  by  substantially  90  degrees  so  that 
there  arises  a  danger  of  hindering  the  smooth  rolling  of 
the  ball.  35 

Accordingly,  from  the  above  point  of  view,  it  is  pref- 
erable  that  the  ball  rolled  out  from  the  load  ball  path  be 
guided  in  a  direction  displaced  toward  the  axis  of  the 
screw  shaft  from  the  direction  of  extension  of  the  ball 
rolling  groove.  With  such  a  structure,  it  is  possible  to  40 
cause  the  exit  of  the  ball  guide  groove  to  be  sufficiently 
separated  from  the  entrance  of  the  ball  return  hole  and 
to  form  the  ball  guide  hole  extending  from  the  ball  guide 
groove  to  the  ball  return  path  to  a  curved  path  of  a  large 
radius  of  curvature  thereby  enabling  the  progressing  45 
direction  of  the  ball  passing  through  the  ball  guide  hole 
to  gradually  change  by  an  amount  corresponding  to  the 
above-mentioned  radius  of  curvature.  Consequently, 
even  when  the  ball  rolls  through  the  ball  guide  hole  at  a 
high  speed,  the  ball  rolls  smoothly  so  that  for  example,  so 
it  is  advantageous  when  the  nut  rotates  at  a  high  speed 
with  respect  to  the  screw  shaft. 

Further,  when  the  change  direction  path  comprising 
the  ball  guide  groove  and  the  ball  guide  hole  is  formed, 
it  is  preferable  to  form  it  by  bonding  a  pair  of  return  55 
plates  because  if  it  is  formed  by  a  combination  of  the 
pair  of  return  plates,  it  is  possible  to  manufacture  with 
ease  a  complicatedly  curved  change  direction  path. 
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Still  further,  when  such  a  change  direction  path  is 
formed  by  the  pair  of  return  plates,  one  of  the  pair  is 
preferable  formed  integral  with  the  nut.  Practically,  each 
of  the  return  plates  can  be  molded  in  such  a  manner 
that  after  inserting  a  nut  (as  a  core)  into  a  mold,  a  resin 
material  is  injected  into  the  mold  so  as  to  pad  the  resin 
material  onto  the  nut.  Thus,  if  the  return  plate  is  molded 
integral  with  the  nut,  the  number  of  parts  can  be 
reduced  to  minimize  the  number  of  assembling  steps  so 
that  the  load  rolling  groove  of  the  nut  and  the  ball  guide 
groove  formed  on  the  return  plate  can  be  connected 
continuously  on  the  same  level  and  the  smooth  rolling  of 
the  ball  can  be  expected. 

On  the  other  hand,  where  the  above-mentioned  ball 
pickup  section  is  provided,  if  it  is  arranged  closer  to  the 
screw  shaft  than  to  the  center  of  the  ball  rolling  in  the 
ball  rolling  groove,  the  ball  rolled  out  from  the  load  ball 
path  gradually  runs  on  the  ball  pickup  section  from  on 
both  sides  of  the  ball  progressing  direction  so  as  to 
enter  the  ball  guide  groove  so  that  the  ball  can  be  sepa- 
rated  from  the  ball  rolling  groove  only  by  the  action  of 
the  ball  pickup  section.  In  this  case,  it  is  not  necessary 
for  the  ball  guide  groove  to  guide  the  ball  in  a  direction 
different  from  the  direction  of  extension  of  the  ball  rolling 
groove  but  the  ball  guide  groove  may  be  arranged  in 
opposite  relationship  with  the  ball  rolling  groove. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  of  a  ball  screw  unit  accord- 
ing  to  one  embodiment  of  the  present  invention; 
Fig.  2  is  a  side  view  of  the  ball  screw  unit  shown  in 
Fig.  1  ; 
Fig.  3  is  an  enlarged  view  of  an  essential  portion  of 
the  ball  screw  unit  shown  in  Fig.  1  especially  a 
change  direction  path  provided  in  the  ball  screw 
unit; 
Fig.  4  is  a  side  view  of  the  ball  screw  unit  shown  in 
Fig.  3; 
Fig.  5  is  an  exploded  perspective  view  of  a  state  in 
which  a  nut  and  a  pair  of  end  caps  are  assembled; 
Fig.  6  (a)  is  a  front  view  of  a  cover  forming  each  of 
the  pair  of  end  caps  shown  in  Fig.  5,  Fig.  6(b)  is  a 
sectional  view  taken  along  the  b-b  line  of  Fig.  6(a) 
and  Fig.  6(c  )  is  a  rear  view  of  the  cover; 
Fig.  7(a)  is  a  perspective  view  showing  how  a  pair 
of  return  plates  forming  each  of  the  end  caps  shown 
in  Fig.  6  are  assembled  and  Fig.  7(b)  is  a  side  view 
of  the  same; 
Fig.  8(a)  is  a  perspective  view  of  a  first  plate  forming 
part  of  the  return  plate  shown  in  Fig.  7,  Fig.  8(b)  is 
a  front  view  of  the  same  and  Fig.  8(c  )  is  a  side  view 
of  the  same; 
Fig.  9(a)  is  a  perspective  view  of  a  second  plate 
forming  part  of  the  return  plate  shown  in  Fig.  7,  Fig. 
9(b)  is  a  front  view  of  the  same  and  Fig.  9(c  )  is  a 
side  view  of  the  same; 
Figs.  1  0(a)  through  1  0(g)  are  sectional  views  taken 
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along  the  a-a  line,  the  b-b  line,  the  c-c  line,  the  d-d 
line,  the  e-e  line,  the  f-f  line  and  the  g-g  line  of  Fig. 
4; 
Fig.  11  is  an  enlarged  view  of  an  essential  portion 
of  a  ball  screw  unit  according  to  a  second  embodi-  s 
ment  of  the  present  invention  especially  a  change 
direction  path  provided  in  the  ball  crew  unit; 
Figs.  12(a)  through  12(g)  are  sectional  views  of  the 
essential  portion  shown  in  Fig.  1  1  when  taken  along 
the  lines  corresponding  to  those  shown  in  Fig.  4;  10 
Fig.  13(a)  is  a  front  view  of  a  conventional  ball 
screw  unit  (or  a  ball  nut  and  screw  shaft  assembly) 
disclosed  in  the  United  States  Patent  4,148,226 
and  Fig.  13(b)  is  a  sectional  view  of  the  same;  and 
Fig.  14  is  a  perspective  view  showing  a  state  in  is 
which  a  nut  and  end  plates  of  the  conventional  ball 
screw  unit  shown  in  Fig.  13  are  assembled. 

(Description  of  Reference  Symbols) 
20 

1:  Ball  screw  unit;  2:  Ball  rolling  groove;  3:  Screw 
shaft;  4:  Load  rolling  groove;  5:  Nut;  6:  Ball;  7:  Load 
ball  rolling  path;  9:  Solid  portion;  10:  Ball  return 
path;  11:  End  cap;  11  A:  Concave  portion;  60:  Line 
of  balls;  12:  Change  direction  path;  13:  Guide  25 
groove;  13A:  Ball  entrance;  14:  Groove  bottom;  15: 
Inner  peripheral  surface  of  groove;  16:  Outer  diam- 
eter  portion;  17:  Ball  pickup  section;  (0  Lead  angle 
of  screw  shaft  groove;  (1  :  Angle  of  inclination  of  ball 
guide  groove;  h:  Opening  width;  and  18:  Ball  guide  30 
hole. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

The  ball  screw  unit  of  the  present  invention  will  be  35 
described  in  detail  with  reference  to  the  accompanying 
drawings. 

Figs.  1  and  2  show  one  embodiment  of  the  present 
invention. 

As  shown  in  Figs.  1  and  2,  the  ball  screw  unit  1  40 
comprises  a  screw  shaft  3  having  a  helical  ball  rolling 
groove  2  on  the  outer  peripheral  surface  thereof  and  a 
nut  5  having  on  the  inner  peripheral  surface  thereof  a 
load  rolling  groove  4  corresponding  to  the  ball  rolling 
groove  2  whereby  a  helical  load  ball  path  7  which  allows  45 
a  number  of  balls  6  to  freely  rotate  therein  is  formed 
between  the  grooves  4  and  2.  The  nut  5  is  made  sub- 
stantially  cylindrical  having  a  flange  8  and  a  solid  por- 
tion  9  provided  with  a  ball  return  path  10  passing 
therethrough  in  the  axial  direction  while  at  the  same  so 
time,  a  pair  of  end  caps  1  1  are  attached  to  both  end  sur- 
faces  of  the  nut  5,  respectively.  The  end  caps  1  1  are 
provided  inside  thereof  with  change  direction  paths  1  2 
which  establishes  communication  between  the  ends  of 
the  load  ball  rolling  path  7  and  the  ends  of  the  ball  return  55 
path  10  resulting  in  the  formation  of  an  endless  circula- 
tion  path  for  the  balls  6  by  fixing  the  pairs  of  end  caps  1  1 
to  the  nut  5. 

That  is,  each  of  the  balls  6  which  have  rolled  out 
from  the  load  ball  rolling  path  7  due  to  the  movement  of 
the  nut  5  relative  to  the  screw  shaft  3  is  fed  to  the  ball 
return  path  10  through  the  change  direction  paths  12 
formed  inside  one  of  the  end  caps  1  1  and  after  rolling 
through  the  ball  return  path  10,  the  ball  is  fed  again  into 
the  load  ball  rolling  path  7  through  the  change  direction 
path  12  inside  the  other  end  cap  11.  The  ball  screw  unit 
according  to  the  instant  embodiment  has  two  lines  60, 
60  of  circulating  balls  incorporated  therein  and  the  balls 
of  each  of  the  lines  circulate  through  separate  endless 
circulation  paths,  respectively.  It  is  noted  that  since  the 
circulating  structures  for  the  ball  lines  60,  60  are  the 
same,  only  one  of  them  will  be  described  below. 

As  shown  in  Figs.  3  and  4,  each  of  the  change 
direction  paths  12  comprises  a  guide  groove  13  for 
causing  each  of  the  balls  6  pushed  out  from  one  end  of 
the  load  ball  rolling  path  7  due  to  the  movement  of  the 
nut  5  relative  to  the  screw  shaft  3  to  become  separated 
radially  outwardly  from  the  inside  of  the  ball  rolling 
groove  2  of  the  screw  shaft  3  up  to  the  outer  diameter 
portion  16  and  a  tunnel-shaped  ball  guide  hole  18  for 
guiding  the  ball  6  from  the  ball  rolling  groove  2  to  the 
entrance  of  the  ball  return  path  1  0  of  the  nut  5. 

One  end  of  the  above-mentioned  guide  groove  1  3 
is  set  in  the  same  phase  as  the  helical  ball  rolling  groove 
2  of  the  screw  shaft  3  at  an  entrance  13A  and  is  held  in 
communication  with  one  end  of  the  load  rolling  groove  4 
of  the  nut  5  while  the  other  end  of  the  guide  groove  1  3  is 
connected  to  the  ball  guide  hole  18  so  that  the  ball  6 
rolled  out  from  one  end  of  the  load  ball  rolling  path  7 
after  having  rolled  through  the  load  rolling  groove  4  of 
the  nut  5  rolls  toward  the  ball  guide  hole  18  by  being 
guided  by  the  guide  groove  13.  As  shown  in  Fig.  3,  the 
ball  rolling  groove  2  is  so  formed  as  to  incline  by  a  lead 
angle  (0  with  respect  to  a  plane  normal  to  the  axis  of  the 
screw  shaft  3  but  the  guide  groove  13  inclines  by  an 
angle  (1  of  inclination  larger  than  the  lead  angle  (0  so 
that  the  ball  6  rolled  out  from  the  load  ball  rolling  path  7 
is  guided  in  a  direction  displaced  toward  the  axis  of  the 
screw  shaft  rather  than  a  direction  of  extension  of  the 
ball  rolling  groove  2. 

Further,  between  the  guide  groove  13  and  the 
screw  shaft  3,  there  is  formed  a  ball  pickup  section  17 
which  gradually  covers  the  guide  groove  13  from  on 
both  sides  of  the  width  thereof  along  the  progressing 
direction  of  the  ball  6  rolled  out  from  the  load  ball  rolling 
path  7  and  due  to  the  presence  of  such  ball  guide 
groove  13,  the  ball  6  from  the  ball  rolling  groove  2  of  the 
screw  shaft  3  is  caused  to  leave  away  from  the  screw 
shaft  3  so  as  to  be  received  in  the  guide  groove  1  3.  As 
shown  in  Fig.  4,  the  direction  in  which  the  ball  pickup 
section  17  guides  the  ball  6  at  the  entrance  13A  of  the 
guide  groove  13  is  the  tangential  direction  of  the  inner 
peripheral  surface  of  each  of  the  end  caps  1  1  which 
direction  is  the  same  as  the  direction  in  which  the  ball  6 
rolls  out  from  the  load  ball  rolling  path  7. 

Fig.  5  shows  the  end  caps  1  1  each  of  which  is  pro- 
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vided  with  the  change  direction  path  12.  As  will  be  clear 
from  this  figure,  each  of  the  end  caps  1  1  which  are  to  be 
fixed  to  both  ends  of  the  nut  5  comprises  a  pair  of  first 
and  second  return  plates  12  forming  the  above-men- 
tioned  change  direction  path  12  and  a  cover  19  to  be 
fixed  to  one  end  of  the  nut  5  while  retaining  the  return 
plates. 

As  shown  in  Fig.  6,  the  cover  19  is  provided  with  a 
through  hole  19a  through  which  the  screw  shaft  3 
passes  as  in  the  case  of  the  nut  5  and  two  substantially 
fan-shaped  concave  portions  1  1  A  for  receiving  the 
return  plates  12  are  formed  to  sandwich  the  through 
hole  19a  therebetween.  Further,  on  the  inner  peripheral 
surface  of  the  through  hole  19a  there  is  formed  an  intro- 
duction  path  4a  for  guiding  the  ball  6  from  the  load  roll- 
ing  groove  4  of  the  nut  5  to  the  change  direction  path  1  2 
comprising  the  return  plates.  The  introduction  path  4a  is 
formed  at  the  same  pitch  as  the  load  rolling  groove  4  of 
the  nut  5  and  somewhat  larger  than  the  load  rolling 
groove  4  such  that  no  radial  load  or  axial  load  acts  on 
the  ball  6. 

Further,  as  shown  in  Fig.  7,  each  of  the  return 
plates  1  2  to  be  fitted  in  the  concave  portions  1  1  A  of  the 
cover  19  is  formed  of  a  pair  of  first  and  second  plates 
12A  and  12B  which  are  fitted  into  each  of  the  concave 
portions  1  1  A  in  an  overlapped  state  and  by  overlapping 
these  plates  the  change  direction  path  12  is  completed. 
The  plates  12A  and  12B  are  formed  by  injection-mold- 
ing  of  a  synthetic  resin  material  and  as  shown  in  Figs.  8 
and  9,  substantially  semi-circular  grooves  121  and  122 
which  divide  the  change  direction  path  12  into  halves 
along  the  longitudinal  direction  are  formed  on  the  sur- 
face  of  the  first  plate  1  2A  and  the  rear  surface  of  the 
second  plate  12B,  respectively. 

As  shown  in  Fig.  7,  the  change  direction  path  12 
extends  in  the  tangential  direction  of  the  through  hole 
19a  of  the  cover  19  on  the  inner  diameter  side  of  the 
return  plate  1  2  while  it  rises  up  toward  the  surface  of  the 
first  plate  12A  on  the  outer  diameter  side  thereof. 
Accordingly,  the  ball  6  having  rolled  along  the  load  roll- 
ing  groove  4  of  the  nut  5  is  introduced  smoothly  to  the 
change  direction  path  12  through  the  introduction  path 
4a  of  the  cover  19  while  the  rolling  direction  of  the  ball  6 
is  changed  from  the  radial  direction  of  the  nut  5  to  the 
axial  direction  thereof  within  the  change  direction  path 
1  2  so  that  the  ball  5  is  fed  to  the  ball  return  path  1  0  of 
the  nut  5  smoothly. 

Further,  as  shown  in  Figs.  7  through  9,  on  the  sur- 
faces  of  the  first  and  second  plates  12A  and  12B,  semi- 
circular  projections  123  and  124  are  formed  in  corre- 
spondence  to  the  change  direction  path  1  2  so  that  when 
the  first  plate  12A  and  the  second  plate  12B  are  over- 
lapped,  these  projections  123  and  124  are  combined  to 
complete  a  positioning  boss  125  at  one  end  of  the 
change  direction  path  12. 

Then,  the  first  and  second  plates  12A  and  12B  (with 
the  plate  12B  to  be  inserted  first)  are  fitted  into  each  of 
the  concave  portions  1  1  A  of  the  cover  1  9  and  the  cover 

1  9  is  then  fixed  to  the  nut  5  so  as  to  allow  the  first  plate 
1  2A  to  come  into  contact  with  the  nut  5  thereby  complet- 
ing  the  fixing  of  the  cover  12  to  the  nut  5.  Thus,  as 
shown  in  Fig.  1  ,  the  load  ball  rolling  path  7  and  the  ball 

5  return  path  1  0  are  connected  together  so  as  to  be  held 
in  communication  with  each  other  through  the  change 
direction  paths  12  thereby  completing  an  endless  circu- 
lation  path  for  each  of  the  balls  6.  In  this  case,  by  fitting 
the  positioning  boss  125  formed  on  the  return  plate  12 

10  into  a  concave  portion  1  0b  formed  at  each  end  of  the 
ball  return  path  10  of  the  nut,  the  positional  relationship 
between  the  nut  5  and  each  of  the  end  caps  1  1  is  opti- 
mized  and  the  smooth  rolling  of  the  ball  6  between  the 
ball  return  path  10  and  the  change  direction  paths  12  is 

15  secured. 
It  should  be  noted  that  although,  in  the  instant 

embodiment,  the  first  and  second  plates  12A  and  12B 
are  formed  separately  from  the  cover  19,  the  second 
plate  12B  which  fits  deep  into  the  concave  portion  1  1  A 

20  may  be  made  integral  with  the  cover  19.  Further,  the 
first  plate  1  2A  may  also  be  made  integral  with  the  nut  5 
in  such  a  manner  that  after  the  nut  5  has  been  inserted 
as  a  core  into  a  mold,  a  synthetic  resin  material  is  pad- 
ded  onto  each  of  the  end  surfaces  of  the  nut  5  by  injec- 

25  tion  molding.  Thus,  with  such  a  structure,  it  is  possible 
to  continuously  mold  the  change  direction  path  12  for 
the  ball  6  and  the  load  rolling  groove  4  of  the  nut  5  so 
that  no  level  difference  takes  place  at  the  connecting 
portion  of  both  of  the  path  and  the  groove  thereby 

30  smoothing  the  circulation  of  the  ball  6. 
Figs.  1  0(a)  through  1  0(f)  are  drawn  to  show  a  state 

in  which  the  ball  6  which  has  rolled  out  from  the  load  ball 
rolling  path  7  passes  through  the  guide  groove  1  3  and  is 
received  in  the  ball  guide  hole  18  and  these  figures 

35  show  the  conditions  of  the  ball  6  in  sections  taken  along 
the  a-a  line,  the  b-b  line,  the  c-c  line,  the  d-d  line,  the  e- 
e  line  and  the  f-f  line  of  Fig.  4,  respectively. 

As  shown  in  these  figures,  the  above-mentioned 
guide  groove  1  3  is  so  formed  that  it  is  semicircular  so 

40  that  substantially  half  of  the  ball  6  is  covered  at  the 
entrance  1  3A  while  the  depth  of  the  groove  1  3  becomes 
gradually  larger  as  it  comes  close  to  the  ball  guide  hole 
1  8  and  the  ball  6  rolled  out  from  the  load  ball  rolling  path 
7  is  caused  to  leave  away  from  the  ball  rolling  groove  2 

45  of  the  screw  shaft  3.  At  the  same  time,  at  both  side 
edges  of  the  opening  of  the  guide  groove  13  with 
respect  to  the  screw  shaft  3  there  is  provided  the  above- 
mentioned  ball  pickup  section  17  which  is  so  formed 
that  the  amount  (or  degree)  of  projection  of  the  pickup 

so  section  1  7  gradually  increases  as  it  extends  close  to  the 
ball  guide  hole  18  from  the  entrance  13A  of  the  guide 
groove  1  3  while  the  width  h  of  the  opening  of  the  groove 
13  with  respect  to  the  screw  shaft  gradually  becomes 
small  and  finally,  the  pickup  section  1  7  comes  to  sub- 

55  stantially  cover  the  guide  groove  13.  The  contact  sur- 
face  of  the  pickup  section  1  7  with  respect  to  the  ball  6  is 
in  the  shape  of  a  circular  arc  continuous  with  the  inner 
peripheral  surface  of  the  guide  groove  1  3  and  the  sec- 
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tional  configuration  of  the  guide  groove  13  changes 
from  semicircular  to  fully  circular  so  that  it  becomes  sub- 
stantially  fully  circular  at  its  connection  with  the  entrance 
1  3A  to  the  ball  guide  hole  1  8. 

In  the  case  of  the  ball  screw  unit  1  according  to  the 
instant  embodiment  having  the  guide  groove  13 
described  above,  when  the  screw  shaft  3  and  the  nut  5 
rotate  relative  to  each  other,  the  ball  6  which  has  rolled 
through  the  load  ball  rolling  path  7  rolls  out  from  one  end 
of  the  load  ball  rolling  path  and  enters  into  the  change 
direction  path  12  which  establishes  communication 
between  the  path  7  and  the  ball  return  path  10. 

The  ball  6  which  has  entered  into  the  change  direc- 
tion  path  12  has  its  progressing  direction  displaced  from 
the  direction  of  extension  of  the  ball  rolling  groove  2 
toward  the  axis  of  the  screw  shaft  3  so  that  as  shown  in 
Figs.  1  0(a)  through  1  0(c),  the  ball  6  is  moved  to  one  side 
of  the  ball  rolling  groove  2  as  it  is  pushed  against  the 
inner  peripheral  surface  13a  of  the  guide  groove  13  and 
rises  up  from  the  ball  rolling  groove  2  along  the  inner 
peripheral  surface  thereof  .  Then,  as  shown  in  Fig.  10(d), 
the  ball  6  is  picked  up  into  the  guide  groove  13  by  the 
pickup  section  17  formed  at  both  side  edges  of  the 
opening  of  the  guide  groove  1  3  to  become  separated 
from  within  the  ball  rolling  groove  2  and  as  shown  in 
Figs.  10(e)  through  10(f),  it  is  fed  from  the  guide  groove 
13  to  the  ball  guide  hole  18. 

According  to  the  ball  screw  unit  in  the  instant 
embodiment  in  which  the  ball  6  is  transferred  between 
the  nut  5  and  each  of  the  end  caps  1  1  ,  only  the  load  roll- 
ing  groove  4  of  a  predetermined  lead  angle  is  formed  on 
the  inner  peripheral  surface  of  the  nut  5  and  further, 
since  both  ends  of  the  load  rolling  groove  4  are  held 
open  at  the  axial  end  surfaces  of  the  nut  5,  the  grinding 
of  the  load  rolling  groove  with  respect  to  the  nut 
becomes  extremely  easy  and  it  is  possible  to  manufac- 
ture  the  nut  5  easily  and  at  low  cost. 

Further,  with  the  structure  that  the  guide  groove  1  3 
is  formed  on  each  of  the  end  caps  1  1  and  the  ends  of 
the  load  rolling  groove  4  are  held  open  at  the  end  sur- 
faces  of  the  nut  5,  the  ball  6  which  has  rolled  through  the 
load  ball  rolling  path  7  is  fed  out  from  one  of  the  end  sur- 
faces  of  the  nut  5  along  the  ball  rolling  groove  2  of  the 
screw  shaft  3  so  that  even  when  the  end  surfaces  of  the 
nut  5  are  each  formed  planar  normal  to  the  axis  of  the 
nut  5,  it  has  become  possible  to  transfer  the  ball  6  with 
ease  to  the  guide  groove  on  the  side  of  each  of  the  end 
caps  1  1  .  Accordingly,  it  becomes  possible  to  machine 
the  nut  5  and  the  end  caps  1  1  coming  into  contact  there- 
with  thereby  enabling  them  to  be  manufactured  at  still 
lower  cost. 

On  the  other  hand,  the  ball  rolling  groove  2  of  the 
screw  shaft  3  is  formed  in  the  shape  of  a  gothic  arch  by 
a  pair  of  ball  rolling  surfaces  2a  and  2b  but  in  the  proc- 
ess  in  which  the  ball  6  rises  up  from  the  ball  rolling 
groove  2  of  the  screw  shaft  3,  the  ball  6  is  sandwiched 
between  one  of  the  ball  rolling  surfaces  2a  and  the  inner 
peripheral  surface  13a  of  the  guide  groove  13  opposing 

thereto  and  the  ball  6  rises  up  from  the  ball  rolling 
groove  2  as  it  creeps  up  on  the  ball  rolling  surface  2a  as 
shown  in  Figs.  10(b)  and  10(c). 

In  the  instant  embodiment,  at  the  entrance  13A  of 
5  the  guide  groove  13,  the  ball  6  is  in  the  state  of  being 

sandwiched  between  the  rolling  surface  2a  of  the  ball 
rolling  groove  2  and  the  inner  peripheral  surface  13a  of 
the  guide  groove  13  (see  Fig.  10(a))  but  even  within  the 
load  ball  rolling  path  7,  the  ball  6  is  also  in  contact  with 

10  the  screw  shaft  3,  the  ball  rolling  groove  2  and  the  load 
rolling  groove  4  of  the  nut  5  so  that  the  ball  6  which  has 
rolled  out  from  the  load  ball  rolling  path  7  comes  to  enter 
between  the  guide  groove  13  and  the  ball  rolling  groove 
2  while  keeping  its  contact  with  the  load  ball  rolling  path 

15  7.  Accordingly,  it  is  possible  to  smoothly  transfer  the  ball 
6  from  the  load  ball  rolling  path  7  toward  the  change 
direction  path  12. 

Further,  the  ball  6  is  received  in  the  guide  groove  1  3 
while  it  runs  on  the  pickup  section  17  but  since  the 

20  pickup  section  1  7  lifts  up  the  ball  6  while  it  supports  the 
ball  6  from  on  both  sides  thereof,  the  ball  6  does  never 
run  against  the  pickup  section  17  from  the  front  and 
even  in  a  case  where  the  ball  6  is  rolling  at  a  high  speed, 
it  is  not  necessary  to  worry  about  the  deformation  and 

25  fatigue  of  the  pickup  section  17.  Accordingly,  the 
smooth  circulation  of  the  ball  6  can  be  maintained  for  a 
prolonged  period  of  time.  In  addition,  as  the  ball  6  within 
the  guide  groove  13  progresses  through  the  guide 
groove  1  3  toward  the  ball  guide  hole  1  8,  the  area  of  con- 

30  tact  of  the  ball  6  with  the  pickup  section  1  7  increases 
gradually  so  that  the  force  of  the  ball  6  to  be  applied  on 
the  pickup  section  1  7  scatters  over  a  wide  range  and  it 
becomes  possible  to  prevent  the  breakage  of  the  pickup 
section  1  7. 

35  Further,  in  the  instant  embodiment,  the  angle  (1  of 
inclination  of  the  guide  groove  1  3  is  set  larger  than  the 
lead  angle  (0  of  the  screw  shaft  3,  that  is,  the  progress- 
ing  direction  of  the  ball  6  within  the  guide  groove  13  is 
displaced  in  the  direction  of  axis  of  the  guide  groove  13 

40  from  the  direction  of  extension  of  the  ball  rolling  groove 
2  so  that  as  shown  in  Fig.  3,  the  ball  guide  hole  1  8  which 
establishes  communication  between  the  exit  of  the 
guide  groove  1  3  and  the  ball  return  path  1  0  of  the  nut  5 
can  make  a  curved  path  of  a  comparatively  large  radius 

45  of  curvature.  The  ball  6  rolling  within  the  ball  guide  hole 
18  comes  to  travel  as  it  is  pushed  in  sequence  by  the 
next  ball  that  follows  but  if  the  ball  guide  hole  108  is 
formed  as  straight  as  possible,  the  pressure  of  the  suc- 
ceeding  ball  could  be  more  efficiently  transmitted 

so  thereby  smoothing  the  movement  of  the  ball  within  the 
ball  guide  hole  18.  Accordingly,  if  the  ball  guide  hole  18 
is  formed  to  a  curved  path  of  a  larger  radius  of  curvature 
so  as  to  gradually  change  the  progressing  direction  of 
the  ball  6,  it  is  possible  to  smooth  the  circulation  of  the 

55  ball  6. 
Further,  since  the  ball  guide  hole  18  is  tunnel- 

shaped,  it  is  possible  to  effectively  prevent  noises  gen- 
erating  due  to  the  rolling  of  the  ball  6  from  leaking  out- 
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side  the  end  caps  1  1  . 
In  the  instant  embodiment,  the  progressing  direc- 

tion  of  the  ball  6  rolling  out  from  the  load  ball  rolling  path 
7  is  displaced  toward  the  direction  of  axis  of  the  screw 
shaft  3  rather  than  the  direction  of  extension  of  the  ball  s 
rolling  groove  2  by  setting  the  angle  (1  of  inclination  of 
guide  groove  13  larger  than  the  lead  angle  (0  of  the  ball 
rolling  groove  2  but  if  the  progressing  direction  of  the 
ball  6  is  displaced  from  the  direction  of  extension  of  the 
ball  rolling  groove  2,  the  angle  (1  of  inclination  of  the  to 
guide  groove  13  may  be  set  smaller  than  the  lead  angle 
(0  of  the  screw  shaft  3.  That  is,  if  the  ball  6  separates 
from  the  ball  rolling  groove  2  up  to  the  outer  diameter 
portion  1  6  of  the  screw  shaft  3  as  it  gradually  creeps  up 
on  the  inner  peripheral  surface  of  the  ball  rolling  groove  is 
2,  the  angle  (1  of  inclination  of  the  guide  groove  13  may 
be  set  larger  or  smaller  than  the  lead  angle  (0  of  the  ball 
rolling  groove  2. 

Figs.  1  1  and  12  show  a  ball  screw  unit  according  to 
a  second  embodiment  of  the  present  invention.  20 

In  the  first  embodiment,  the  ball  6  is  received  in  the 
guide  groove  13  in  such  a  manner  that  the  progressing 
direction  of  the  ball  6  rolling  out  from  the  load  ball  rolling 
path  7  is  displaced  from  the  direction  of  extension  of  the 
ball  rolling  groove  2  so  that  the  ball  6  is  caused  to  rise  25 
up  from  the  ball  rolling  groove  2  and  is  picked  up  by  the 
ball  pickup  section  17.  On  the  contrary,  in  the  second 
embodiment,  the  ball  6  which  has  been  rolling  in  the  ball 
rolling  groove  2  is  picked  up  to  be  received  in  a  guide 
groove  23  by  a  pickup  section  27  from  the  beginning.  It  30 
should  be  noted  that  the  structure  other  than  the  guide 
groove  23  and  the  pickup  section  27  is  the  same  as  in 
those  in  the  first  embodiment  and  therefore,  the  same 
reference  numerals  and  symbols  are  used  in  Figs.  1  1 
and  1  2  without  giving  any  further  description  thereof.  35 

In  the  instant  embodiment,  the  guide  groove  23  for 
guiding  the  ball  rolling  out  from  the  load  ball  rolling  path 
7  to  the  ball  guide  hole  18  lies  quite  opposite  to  the  ball 
rolling  groove  2  and  the  ball  6  rolling  in  the  guide  groove 
23  is  guided  in  the  same  direction  as  the  direction  of  40 
extension  of  the  ball  rolling  groove  2  to  enter  the  ball 
guide  hole  18.  That  is,  as  shown  in  Fig.  1  1,  the  angle  of 
inclination  of  the  ball  guide  groove  23  is  the  same  as  the 
lead  angle  (0  of  the  ball  rolling  groove  2.  Accordingly, 
unlike  the  first  embodiment,  the  guide  groove  23  does  45 
not  put  the  ball  6  to  one  side  of  the  ball  rolling  groove  2 
so  that  if  the  ball  pickup  section  27  is  not  provided,  the 
ball  6  does  not  separate  from  the  ball  rolling  groove  2. 
The  depth  of  the  guide  groove  23  becomes  gradually 
larger  as  it  comes  near  the  ball  guide  hole  18  as  in  the  so 
case  of  the  first  embodiment. 

On  the  other  hand,  like  in  the  case  of  the  first 
embodiment,  between  the  guide  groove  23  and  the 
screw  shaft  3,  there  is  formed  the  ball  pickup  section  27 
which  gradually  covers  the  ball  6  rolling  out  from  the  ss 
load  ball  rolling  path  7  along  the  progressing  direction  of 
the  ball  from  on  both  sides  of  the  width  of  the  guide 
groove  23  and  by  this  pickup  section  27,  the  ball  6  roll- 

ing  in  the  ball  rolling  groove  2  is  picked  up  to  enter  the 
guide  groove  23.  However,  in  the  instant  embodiment, 
due  to  the  structure  that  the  ball  6  positioned  within  the 
ball  rolling  groove  2  is  picked  up  only  by  the  ball  pickup 
section  27,  this  pickup  section  27  is  arranged  closer  to 
the  outer  peripheral  surface  1  6  of  the  screw  shaft  3  than 
to  the  center  of  the  ball  6  rolling  in  the  ball  rolling  groove 
2.  Further,  in  order  to  prevent  the  interference  between 
the  ball  pickup  section  27  and  the  outer  peripheral  sur- 
face  16  of  the  screw  shaft  3,  the  depth  of  the  ball  rolling 
groove  2  of  the  screw  shaft  3  is  somewhat  smaller  than 
in  the  case  of  the  first  embodiment. 

Fig.  12  shows  a  state  in  which  the  ball  6  which  has 
rolled  out  from  the  load  ball  rolling  path  7  passes 
through  the  guide  groove  23  and  is  received  in  the  ball 
guide  hole  18,  wherein  like  in  the  case  of  the  first 
embodiment,  Fig.  12(a)  through  12(f)  show  the  condi- 
tions  of  the  ball  6  at  sections  taken  along  the  a-a  line, 
the  b-b  line,  the  c-c  line,  the  d-d  line,  the  e-e  line  and  the 
f-f  line  of  Fig.  4,  respectively. 

As  shown  in  these  figures,  the  guide  groove  23  is 
formed  semicircular  at  the  entrance  23A  at  which  sub- 
stantially  half  the  ball  6  is  hidden  while  the  depth  of  the 
groove  becomes  gradually  larger  as  it  comes  close  to 
the  ball  guide  hole  18  so  that  the  ball  6  rolled  out  from 
the  load  ball  path  7  is  allowed  to  escape  from  the  ball 
rolling  groove  2  of  the  screw  shaft  3.  On  the  other  hand, 
at  both  side  edges  of  the  opening  of  the  guide  groove  23 
with  respect  to  the  screw  shaft  3,  there  is  provided  the 
above-mentioned  pickup  section  27  which  is  so  formed 
that  the  amount  of  projection  of  the  pickup  section  27 
gradually  increases  as  the  guide  groove  23  comes  close 
to  the  ball  guide  hole  18  from  the  ball  entrance  13A  and 
the  width  of  the  opening  of  the  guide  groove  23  with 
respect  to  the  screw  shaft  becomes  gradually  smaller 
until  the  pickup  section  27  finally  substantially  covers 
the  guide  groove  23. 

With  the  above  structure,  due  to  the  arrangement 
that  the  pickup  section  27  is  formed  to  gradually  cover 
the  ball  6  rolled  out  of  the  load  ball  path  7  from  on  both 
sides  of  the  width  of  the  guide  groove  23  along  the  pro- 
gressing  direction  of  the  ball  6  and  that  it  projects 
toward  the  screw  shaft  3  from  the  center  of  the  ball  6 
rolling  in  the  ball  rolling  groove  2,  the  ball  6  which  has 
entered  the  guide  groove  23  gradually  creeps  up  on  the 
pickup  section  27  from  on  both  sides  of  the  groove  and 
finally  becomes  separated  from  the  ball  rolling  groove  2 
to  be  received  in  the  guide  groove  23,  as  shown  in  Figs. 
12(a)  through  12(c). 

In  the  instant  embodiment,  too,  the  guide  groove  23 
forming  part  of  the  change  direction  path  12  is  formed 
on  each  of  the  end  caps  1  1  so  that  only  the  provision  of 
the  load  rolling  groove  4  on  the  inner  peripheral  surface 
of  the  nut  5  is  sufficient  and  further,  even  when  the  end 
surfaces  of  the  nut  5  are  made  planar  so  as  to  intersect 
at  right  angles  with  the  axis  of  the  nut,  the  ball  6  can  be 
transferred  from  the  load  ball  rolling  path  7  on  the  nut  to 
the  guide  groove  23  on  each  of  the  end  caps  1  1  so  that 
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the  machining  of  the  nut  and  the  end  caps  contacting 
the  nut  can  be  performed  quite  easily  thereby  reducing 
the  manufacturing  cost. 

INDUSTRIAL  AVAILABILITY  s 

As  described  above,  the  ball  screw  unit  according 
to  the  present  invention  is  constructed  such  that  the 
load  rolling  groove  forming  the  load  ball  path  together 
with  the  ball,  rolling  groove  of  the  screw  shaft  is  formed  to 
on  the  inner  peripheral  surface  of  the  nut  and  the  guide 
groove  for  separating  the  ball  rolled  out  from  the  load 
ball  path  from  the  ball  rolling  groove  of  the  screw  shaft  is 
formed  not  on  the  nut  but  on  each  of  the  end  caps  so 
that  the  shape  of  the  nut  and  that  of  each  of  the  end  is 
caps  can  be  extremely  simplified  so  that  the  manufac- 
turing  cost  of  the  ball  screw  unit  can  be  sharply 
reduced. 

Further,  when  the  ball  from  the  ball  rolling  groove  of 
the  screw  shaft  is  received  in  the  change  direction  path,  20 
the  ball  can  be  smoothly  separated  from  the  ball  rolling 
groove  without  inserting  a  tongue  piece  inside  the  ball 
rolling  groove  as  has  hitherto  been  practiced  so  that 
even  when  the  nut  and  the  screw  shaft  are  rotated  at 
high  speed  relative  to  each  other,  the  circulation  of  the  25 
ball  can  be  smoothly  and  noiselessly  performed. 

Claims 

1  .  A  ball  screw  unit  comprising:  30 

a  screw  shaft  having  a  helical  ball  rolling 
groove  on  the  outer  peripheral  surface  thereof; 
a  nut  fitted  about  the  screw  shaft,  having  a  hel- 
ical  load  rolling  groove  on  the  inner  peripheral  35 
surface  thereof  for  forming  a  helical  load  ball 
path  in  opposite  relationship  with  the  ball  rolling 
groove  of  the  screw  shaft,  and  having  a  ball 
return  path  along  the  axis  thereof; 
a  pair  of  end  caps  arranged  at  both  ends  of  the  to 
nut,  having  change  direction  paths  for  estab- 
lishing  communication  between  end  of  the  load 
ball  path  and  end  of  the  ball  return  path  of  the 
nut  respectively;  and 
a  number  of  balls  inserted  into  an  endless  cir-  45 
culation  path  which  formed  of  the  load  ball 
path,  the  ball  return  path  and  the  change  direc- 
tion  paths,  and  circulate  through  the  endless 
circulation  path  following  the  rotation  of  the 
screw  shaft  relative  to  the  nut;  so 

wherein  each  of  the  change  direction 
paths  formed  on  the  pair  of  end  caps  com- 
prises: 

a  guide  groove  guiding  the  balls  which  55 
rolled  out  from  the  load  ball  path  toward  a 
direction  different  from  a  direction  in  which 
the  ball  rolling  groove  of  the  screw  shaft 

extends,  and  lifted  the  balls  from  the  ball 
rolling  groove  along  the  inner  peripheral 
surface  of  the  ball  rolling  groove;  and 
a  ball  guide  hole  received  the  balls  which 
lifted  from  the  ball  rolling  groove  by  the 
guide  groove,  and  guiding  it  to  an  entrance 
of  the  ball  return  path  of  the  nut. 

2.  The  ball  screw  unit  as  described  in  Claim  1, 
wherein  there  is  provided  a  ball  pickup  section 
which  gradually  covers  the  guide  groove  from  on 
both  sides  of  the  width  thereof  along  the  progress- 
ing  direction  of  the  balls  rolled  out  from  the  load  ball 
path  so  that  the  balls  which  have  lifted  from  the  ball 
rolling  groove  is  caused  to  be  separated  from  the 
screw  shaft  by  the  pickup  section  so  as  to  be 
received  within  the  guide  groove. 

3.  The  ball  screw  unit  as  described  in  Claim  1, 
wherein  the  guide  groove  causes  the  progressing 
direction  of  the  balls  to  incline  by  an  angle  larger 
than  a  lead  angle  of  the  ball  rolling  groove  on  the 
screw  shaft. 

4.  The  ball  screw  unit  as  described  in  Claim  3, 
wherein  the  ball  guide  hole  is  in  the  form  of  a  curved 
path  of  substantially  a  constant  radius  of  curvature. 

5.  The  ball  screw  unit  as  described  in  Claim  1, 
wherein  the  change  direction  path  is  formed  by  con- 
necting  a  pair  of  return  plates. 

6.  The  ball  screw  unit  as  described  in  Claim  5, 
wherein  one  of  the  pair  of  return  plates  is  formed 
integral  with  the  nut. 

7.  A  ball  screw  unit  comprising: 

a  screw  shaft  having  a  helical  ball  rolling 
groove  on  the  outer  peripheral  surface  thereof; 
a  nut  fitted  about  the  screw  shaft,  having  a  hel- 
ical  load  rolling  groove  on  the  inner  peripheral 
surface  thereof  for  forming  a  helical  load  ball 
path  in  opposite  relationship  with  the  ball  rolling 
groove  of  the  screw  shaft,  and  having  a  ball 
return  path  along  the  axis  thereof; 
a  pair  of  end  caps  arranged  at  both  ends  of  the 
nut,  having  change  direction  paths  for  estab- 
lishing  communication  between  end  of  the  load 
ball  path  and  end  of  the  ball  return  path  of  the 
nut  respectively;  and 
a  number  of  balls  inserted  into  an  endless  cir- 
culation  path  which  formed  of  the  load  ball 
path,  the  ball  return  path  and  the  change  direc- 
tion  paths,  and  circulate  through  the  endless 
circulation  path  following  the  rotation  of  the 
screw  shaft  relative  to  the  nut; 

wherein  each  of  the  change  direction 
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paths  formed  on  the  pair  of  end  caps  com- 
prises: 

a  guide  groove  formed  to  face  the  ball  roll- 
ing  groove  of  the  screw  shaft  and  guiding  s 
the  balls  which  rolled  out  from  the  load  ball 
path; 
a  ball  pickup  section  being  so  formed  as  to 
gradually  cover  the  guide  groove  from  on 
both  sides  of  the  width  thereof  along  the  to 
progressing  direction  of  the  balls  which 
rolled  out  from  the  load  ball  path,  being 
arranged  to  project  toward  the  screw  shaft 
rather  than  the  center  of  the  balls  which 
rolling  within  the  ball  rolling  groove,  and  ts 
lifted  the  balls  from  the  ball  rolling  groove 
as  it  progresses  so  as  to  allow  it  to  be 
received  into  the  guide  groove;  and 
a  ball  guide  hole  guided  the  balls  which 
lifted  from  the  ball  rolling  groove  of  the  20 
screw  shaft  and  being  received  into  the 
guide  groove,  to  an  entrance  of  the  ball 
return  path  of  the  nut. 
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